The Wide-field Infrared Survey Explorer (WISE) was reactivated in December of 2013 (NEOWISE) to search for potentially hazardous near-Earth objects. We have conducted a survey using the first sky pass of NEOWISE data and the AllWISE catalog to identify nearby stars and brown dwarfs with large proper motions (µ total 250 mas yr −1 ). A total of 20,548 high proper motion objects were identified, 1,006 of which are new discoveries. This survey has uncovered a significantly larger sample of fainter objects (W2 13 mag) than the previous WISE motion surveys of Luhman (2014a) and Kirkpatrick et al. (2014) . Many of these objects are predicted to be new L and T dwarfs based on near-and mid-infrared colors. Using estimated spectral types along with distance estimates, we have identified several objects likely belonging to the nearby Solar neighborhood (d < 25 pc). We have followed up 19 of these new discoveries with near-infrared or optical spectroscopy, focusing on potentially nearby objects, objects with the latest predicted spectral types, and potential late-type subdwarfs. This subset includes 6 M dwarfs, 5 of which are likely subdwarfs, as well as 8 L dwarfs and 5 T dwarfs, many of which have blue near-infrared colors. As an additional supplement, we provide 2MASS and AllWISE positions and photometry for every object found in our search, as well as 2MASS/AllWISE calculated proper motions.
INTRODUCTION
Nearby stars and brown dwarfs serve as benchmarks for many vital areas of astrophysics, both as individual objects and as an ensemble. As individual objects, they are particularly attractive as astrophysical laboratories because they are the brightest examples of their spectral type, and are therefore optimal targets for detailed studies of a given class. Nearby brown dwarfs also provide the best examples with which to study cold, exoplanet-like atmospheres across a variety of physical parameters (e.g., surface gravity, metallicity), thus offering critical checks of theory. As a population, nearby low-mass objects probe the efficiency (or lack thereof) of star formation at low masses, and as a result provide detailed information on the shape and cut-off of the initial mass function in a regime (< 30 Jupiter masses) that is difficult to study in sites of active star formation (e.g., Kirkpatrick et al. 2012) . Cataloguing the nearest Solar neighbors, however, is not a straightforward procedure. Indeed, recent discoveries have demonstrated that some of our closest neighbors have been lurking unseen because of their low temperatures and luminosities (e.g., WISE J052126.29+102528.4 (∼5 pc), Bihain et al. 2013 ; WISE J104915.57−531906.1AB (∼2 pc), Luhman 2013; WISEA J154045.67−510139.3 (∼5.9 pc), WISE J085510.83−071442.5 (∼2 pc), Luhman 2014b; and WISE J072003.20-084651.2 (∼7 pc), Scholz 2014) .
Most searches for nearby very-low-mass stars and brown dwarfs have used red optical through mid-infrared colors as the main selection criterion due to the shift in the peak wavelength of the Planck function with decreasing effective temperature (e.g. Kirkpatrick et al. 1999 , Leggett et al. 2000 , Kirkpatrick et al. 2011 ). While such searches are geared toward finding objects with normal gravities and solar-like metallicities, they are generally biased against uncovering objects with unusual characteristics. Kinematic searches, on the other hand, avoid such a bias by using proper motion alone as a judge of distance. By identifying objects with large proper motions, unusual brown dwarfs overlooked by previous surveys can be identified (e.g., Metchev et al. 2008 , Deacon et al. 2009 , Sheppard & Cushing 2009 , Artigau et al. 2010 , Kirkpatrick et al. 2010 , Gizis et al. 2011 , Scholz et al. 2011 .
Multi-epoch data from the Wide-field Infrared Survey Explorer (WISE) have enabled the first all-sky motion searches using solely mid-infrared wavelengths, which allows for the straightforward identification of low-mass stars and brown dwarfs in a wavelength region where they emit their peak flux. The motion survey of Luhman (2014a) and the AllWISE motion survey ) used data from the primary WISE mission to uncover thousands of new objects with significant proper motions, including the aforementioned WISE J104915.57−531906.1AB, WISE J085510.83−071442.5, and WISEA J154045.67−510139.3, along with a wealth of previously unknown late-type subdwarfs , Luhman & Sheppard 2014 . Most of these discoveries were identified using a six month time baseline between WISE epochs (∼20% of the sky was covered with an additional third epoch, resulting in a time baseline of one year). Despite the successes of the Luhman and Kirkpatrick et al. studies, each survey missed objects that the other one found, due to their different candidate selection procedures, suggesting that there are likely more nearby objects to be discovered. Of the 3525 and 762 discoveries in Kirkpatrick et al. 2014 and Luhman 2014a , respectively, only 321 were common to both surveys.
WISE was reactivated in December of 2013 to search for potentially hazardous near Earth objects (NEO-WISE; Mainzer et al. 2014) . We have completed a survey whereby we used the individual detections from the first NEOWISE pass of the sky in combination with the AllWISE source catalog (Cutri et al. 2013 ) to identify previously overlooked stars and brown dwarfs with large proper motions. Our goals are to 1) identify late-type subdwarf candidates to further map the existence and extent of the putative subdwarf gap in order to place constraints on brown dwarf cooling theory, 2) identify overlooked nearby stars and brown dwarfs, which can have a significant impact on investigations of the initial mass function of the local population, and 3) identify brown dwarfs with unusual characteristics (e.g., binaries). In Section 2, we describe the search strategy for the NEOWISE proper motion survey, while the results are presented in Section 3. In Section 4 we describe the follow-up spectroscopic observations and analysis of a subset of discoveries from this effort.
IDENTIFYING OBJECTS WITH HIGH PROPER

MOTIONS
The NEOWISE reactivation mission was carried out using the W1 (3.4 µm) and W2 (4.6 µm) passbands of the WISE telescope. Because the intent of the NEOWISE observations is the identification of near-Earth objects, the images are not co-added like the previous epochs of WISE data. However, the detections from each individual WISE frame are collected into a single catalog. Since the NEOWISE images are not co-added, the first step in identifying high proper motion objects is to construct a source catalog from the NEOWISE Single Exposure Source Table. One of the principal goals of our NEOWISE proper motion survey is to search for cold, nearby brown dwarfs. Since such objects are typically too faint to be detected in W1, we conducted our search using W2 data. For the additional science goals (i.e., identifying nearby M and L type subdwarfs), the difference between W1 and W2 is small (W1−W2 values for late type subdwarfs in Table 6 of Kirkpatrick et al. (2014) range from 0.10 to 0.56 mag), so a search in W2 alone will be sufficient to identify most objects of interest. Our NEOWISE source table is assembled using the individual detections of each source with the aid of the STILTS tool set (Taylor 2006) , a method very similar to that used in Luhman (2014a) . STILTS is a set of command line tools designed specifically to handle large tables. Sources in our NEOWISE source catalog are required to have at least five single detections within a 1. 5 radius, where the individual W2 magnitudes of each detection are off by no more than one magnitude from the median of all the other individual detections. We consider all detections that occur within 10 days to form a single epoch. A length of 10 days was chosen to account for the WISE telescope's Moon avoidance maneuvers. We also require the individual detections to not be flagged as artifacts (i.e., cc flags = ['D', 'H', 'O', 'P']). Lastly, we avoid the ecliptic poles (abs(elat) ≤ 85.0
• ) because the depth of coverage at the poles creates an extremely large amount of data for a relatively small area of the sky. The final product of this process is a NEOWISE source catalog consisting of average right ascension, declination, W1, W2, and modified Julian Date values for each source.
The accuracy of the astrometric and photometric measurements of sources in our NEOWISE source catalog decreases as objects become fainter in W2. To identify the practical limits of our W2 magnitude search, we crossmatched a random sample of 5,000 entries from our NEO-WISE source catalog (which should largely be unmoving background sources) with the AllWISE source catalog using a 5 search radius. The separation between the AllWISE and NEOWISE source positions as a function of the NEOWISE W2 magnitude, as well as a comparison between the NEOWISE and AllWISE W2 magnitudes, is shown in Figure 1 . The figure shows that below a NEOWISE W2 magnitude of ∼14.5, the positional and photometric NEOWISE values become unreliable. We therefore make a W2 ≤ 14.5 magnitude cut to our final source catalog for our initial input sample.
A typical proper motion survey will attempt to identify multiple detections of single objects at different epochs. Our search strategy differs in that we identify high proper motion candidates as those that do not have a match at the previous epoch within a small search radius. We identify potential high proper motion objects by crossmatching the positions of sources within our NEOWISE source catalog with the AllWISE catalog using a 1 search radius, where those sources without matches are retained as potential high proper motion candidates. In addition, each source is cross-matched with the AllWISE reject catalog and the 2MASS point source catalog (Cutri et al. 2003 ) using a 1 search radius, again retaining only those without a match. Cross-matching with the AllWISE reject catalog was necessary because we found that there are some instances where real objects near extremely bright sources can be flagged as artifacts, ending up in the AllWISE reject catalog instead of the All-WISE source catalog. In addition, we also found instances where there are real sources, usually blended with a slightly brighter source in the WISE images, that are in neither the AllWISE source or reject catalogs. These sources are typically resolved in 2MASS and listed in the 2MASS point source catalog, hence the 2MASS 1 search.
Considering the ∼4 year time baseline between the first sky pass of NEOWISE and the first WISE epochs, our 1 search radius gives us a nominal minimum proper motion limit of ∼250 mas yr −1 . We note that this limit is self-imposed, and that proper motions below this limit should also be detectable with the NEOWISE/AllWISE time baseline. By not requiring a significance of motion threshold as in Luhman (2014a) , this survey probes to the faintest magnitude limits of what is possible with WISE single detections. Using this method, the only upper boundary for detecting proper motions is the size of the WISE images in our finder charts. Because the images are 2 × 2 , any object moving faster than ∼15 yr −1 (1 /∼4 yr) would be beyond the boundary of the image. Note that the two highest proper motion objects known (Barnard's Star -10. 4 yr −1 (Barnard 1916) (Luhman & Esplin 2014) ) are both below this threshold and were recovered in our survey.
When a NEOWISE source was found to not have a counterpart within 1 in the AllWISE source catalog, the AllWISE reject catalog, or the 2MASS point source catalog, we created a finder chart by gathering available optical (DSS and SDSS), near-infrared (2MASS), and midinfrared (WISE All-Sky) images. Each individual finder chart was examined by-eye in an attempt to confirm each candidate's high proper motion by inspecting images at previous epochs. A typical finder chart for a new high proper motion discovery is shown in Figure 2 . Sources that were discarded as spurious were typically blended or extended in nature. Figure 3 shows an example of a high proper motion candidate that was determined to be a blended source (and therefore spurious) during the visual inspection process. Over one million proper motion candidates were scrutinized in this way.
DISCUSSION
Survey Results
A total of 20,548 high proper motion objects were found with the NEOWISE survey. In order to determine if a confirmed proper motion source is known or is a new discovery, we rely primarily on the SIMBAD database. We also checked catalogs of targeted searches for high proper motion objects (e.g., Pokorny et al. 2004 , Lépine & Shara 2005 , Deacon & Hambly 2007 , Boyd et al. 2011 , Luhman 2014a . Note that we only cross-match with catalogs made up of bona-fide proper motion sources, not unvetted lists of candidates (e.g., Gagné et al. 2015) . The vast majority of these objects were previously known to have significant proper motions. The number of new high proper motion discoveries from this search totaled 1,006. Figure 4 shows the locations of all high proper motion objects identified in our NEOWISE survey. The two gaps in coverage are due to a command timing anomaly that temporarily put the NEOWISE spacecraft in safe-mode (see the NEOWISE Data Release Explanatory Supplement for more details 5 ). Similarly to Kirkpatrick et al. (2014) , most of the newly discovered high proper motion objects from this survey are located in the southern hemisphere, particularly near the Galactic center. This is because, historically, there have been more targeted high proper motion searches in the northern hemisphere and the Galactic center is an exceptionally confused area because of its high density of stars. We provide 2MASS and AllWISE associations, and 2MASS to AllWISE calculated proper motions for every newly discovered object in Table 1 . Proper motion uncertainties come from the 2MASS and AllWISE positional uncertainties. The same information for every previously known high proper motion object is provided in Table 2 . Upper limits for all magnitudes in all tables are at the 95% confidence level 6 . Seven objects were found to be moving upon visual inspection of their finder charts, but did not have a corresponding entry in any of the WISE catalogs based on coadded images (AllWISE, All-Sky, or Reject). All of these objects but one (WISEA 19501894+2530402) are blended with a nearby, brighter source, which likely led to their omission from the WISE catalogs. Three of these objects are new discoveries, while the other four are known high proper motion objects. 2MASS designations and photometry for all objects without WISE detections are provided in Table 3 .
There were also a total of 51 confirmed high proper motion objects for which there was no 2MASS counterpart. Two of the objects are new discoveries, while the remainder are known T and Y dwarfs. These two new discoveries are further discussed in Section 3.4. AllWISE designations and photometry for all high proper motion Note.
-(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.) a 2MASS photometry for this object is from the 2MASS Reject Catalog.
b WISE photometry and positions for this object are from the AllWISE Reject Catalog.
c WISE photometry and positions for this object are from the WISE All-Sky Catalog.
d
This object is a co-moving doubles that is resolved in 2MASS, but not in AllWISE. objects without 2MASS detections are provided in Table  4 .
3.2. Categorizing Discoveries In order to identify the most interesting objects for follow-up spectroscopic observations (e.g., nearby objects and late-type subdwarfs), we attempted to estimate the approximate spectral type of each new discovery using the available 2MASS and AllWISE photometry. This was accomplished by using the k-Nearest Neighbors classification scheme described in Appendix A. The last column of Table 1 gives the estimated numerical type for each new discovery (e.g., 5 = M5, 15 = L5, 25 = T5). We chose to list numerical types to ensure that these estimates are not mistaken for actual spectral types determined from optical or near-infrared spectroscopy. Note that the earliest estimated types from our classification scheme are M0, so any object with an earlier spectral type than M0 will likely be classified as early M using this method. However, as we are most interested in latetype dwarfs (spectral types L and T), this does not affect our follow-up target prioritization. For this reason, we only provide final photometric types for objects with estimated types later than M5. Uncertainties for these types are typically ∼2 subtypes (see Appendix A). Figure 5 shows the J − K S vs. J − W 2 color-color diagram for all high proper motion objects found during this survey. The large cluster of sources at J − K S ∼0.7 and J −W 2 ∼1.3 are early to mid-M dwarfs, which make up the vast majority of our new discoveries. Several new discoveries at the edges of the main M dwarf clump are classified as having types later than L0, which may show that our technique of estimating spectral types photometrically may have difficulty properly classifying color outliers (see Section 3.3).
Common Proper Motion Pairs
During the vetting process of confirming high proper motion candidates, several new objects were noted to possibly be co-moving with a known high proper motion star. Note that we did not perform a specific search for common proper motion pairs, only noted those that were noticed during the proper motion verification process of this survey. Therefore, this list of common proper motion pairs is likely not exhaustive. All potential new pairs are listed in Table 5 , along with their 2MASS to AllWISE proper motions.
Following Luhman & Sheppard (2014) , we evaluate each pair using the companionship criterion proposed by Lépine & Bongiorno (2007) , which all pairs pass. Table 6 provides additional information from the literature for the known high proper motion component of each pair. For those that have a parallax measurement, we also include the projected separation between the pair in AU. In each case, the NEOWISE discovery is the fainter component of the pair in W1 and W2 magnitude, with three exceptions. WISEA J184259.14−110921.6 is a companion to the white dwarf GJ 2139, which was not detected in the AllWISE catalog. WISEA J232308.63−631405.8 is slightly brighter in W1 and W2 than its known companion 2MASS J23230415−6314327. Lastly, WISEA J203126.63−333515.9 and its companion Table 2 . Light blue circles are new discoveries with spectral type estimates earlier than L0. All other new discoveries are in red. Objects that have been followed up spectroscopically are highlighted in green. The approximate location of M0, M5, L0, L5, T0, and T5 spectral types in this color space is labeled for reference. Objects without 2MASS counterparts are not included in this figure. Stauffer et al. (2010) , as this object is a white dwarf not detected in any WISE catalog. c Both members of this pair are new discoveries.
WISEA J203126.61−333504.2 are both new discoveries from this survey.
3.4. Nearby Objects Using our estimated spectral types (with a ± 2 subtype uncertainty), W2 magnitudes, and the absolute magnitude−spectral type relation for W2 from Dupuy & Liu (2012) , we estimate a distance range to every new discovery with an estimated spectral type later than M5 in an attempt to identify new nearby objects. We use the W2 magnitude because each object in our new discovery list is detected with AllWISE (with the exception of the three new objects in Table 3 ) and has a W2 magnitude 14.5, which corresponds to a signal-to-noise ration (S/N) of ∼15. We initially identified ∼70 objects with distance estimates ≤ 25 pc. However, upon visual inspection of the finder charts, several high proper motion objects were found to be unresolved blends in the WISE images, which likely affected their photometry and led to erroneous spectral types. We visually inspected the finder charts for each of the ∼70 objects potentially within 25 pc, flagging those that were blended in the WISE images. All of these blends contain a high proper motion source and an unrelated, stationary background source (i.e., none are co-moving doubles). Such blends can cause objects to be misclassified using our classification scheme, and will cause them to appear overluminous, and hence closer, than they actually are. We omit all such blends from our list of potentially nearby sources. The remaining 46 objects are listed in Table  7 . One object (WISEA J105515.71−735611.3) is estimated to be within ∼10 pc, with a photometric type estimate of 7.4 (∼M7). Three of these objects (WISEA J001643.97+230426.5, WISEA J003338.45+282732.4, and WISEA J010202.11+035541.4) have been followedup spectroscopically and are discussed further in Section 5.2.
In addition, there are two objects from our discovery list that have no 2MASS counterpart (see Section 3.1 and Table 4 ).
Both of these discoveries (WISEA J030919.70−501614.2 and WISEA J133300.03−160754.4) have very red W1-W2 colors (2.83 and 2.76, respectively), indicating spectral types ≥T7 for both objects (Kirkpatrick et al. 2012) . Distance estimates for these two new late T dwarfs are 9−13 and 17−24 pc, respectively, for WISEA J030919.70−501614.2 and WISEA J133300.03−160754.4 based on spectral type estimates of T7 to T9. These objects are also listed in Table 7 .
3.5. Late Type Subdwarfs Subdwarfs are low metallicity objects that are typically associated with the halo population, often having significantly larger tangential velocity (V tan ) values than the field population. We select candidate late-type subdwarfs using two different strategies. First, as noted in Kirkpatrick et al. (2014) , many early L-type subdwarfs occupy a distinct region of J−K S vs. J−W2 color space blueward of the main clump of mostly M-type main sequence stars in J−K S color. Figure 6 shows a close-up view of this region along with the known early-type L subdwarfs from Kirkpatrick et al. (2014) . We chose as subdwarf candidates those objects which lie blueward in J−K S color from the main clump of discoveries from this survey. Specifically, subdwarf candidates are those with a J−W2 color between 0.9 and 1.25 mag and a J−K S color less than 0.6 mag, a J−W2 color between 1.25 and 1.65 mag and a J−K S value less than 0.8×(J−W2) − 0.4, or a J−W2 color between 1.65 and 1.9 mag and a J−K S color less than 0.92 mag, as shown in Figure 6 . Nine of the fourteen early-L subdwarfs from Kirkpatrick et al. (2014) in the figure meet the above criteria. Thirty-one subdwarf candidates were selected based on their colors and are listed in Table 8 . While we include estimated spectral types for these objects in the table, we note that our spectral type estimation technique presented in Appendix A is predicated on the object in question having colors typical of a normal star or brown dwarf. Therefore, objects with colors distinct from those of normal late-type stars and brown dwarfs (such as subdwarfs) will likely be mistyped.
Besides being distinguishable in color space, subdwarfs often show kinematics distinct from that of the field population. These kinematic differences cause subdwarfs to stand out prominently in reduced proper motion diagrams, where the reduced proper motion is defined as H m = m + 5log(µ) + 5, where m is a particular photometric band and µ is the total proper motion. Figure 7 shows a reduced proper motion diagram for all of the discoveries from this NEOWISE search, as well as the known late-type subdwarfs from Kirkpatrick et al. (2014) . We select candidate subdwarfs as either having H J values greater than 18.7 mag and J−W2 values less than 1.8 or having H J values greater than 3.8 1.5 ×(J−W2) + 14.14, as shown in the figure. These two selection criteria pick out 18 of the 21 known, late-type subdwarfs from Kirkpatrick et al. (2014) that have available J-band photometry and proper motion measurements. Thirty-one objects were selected as subdwarf candidates based on the reduced proper motion diagram positions. These subdwarf candidates are listed in Table  9 . Four objects (WISEA J011639.05−165420.5, WISEA J094812.21−290329.5, WISEA J094904.92+023251.4, and WISEA J101944.62−391151.6) are common to both the reduced proper motion and color-selected subdwarf lists.
We have obtained follow-up spectra for five of these candidates (WISEA J011639.05−165420. Each is discussed further in Section 5.2. We also observed one object that stood out in J−K S and J−W2 color space (WISEA J172602.92−034211.7; J−K S = 1.13 mag, J−W2 = 1.17 mag, see Figure 6 ) that turned out to be an early M-type subdwarf.
3.6. Comparison with Kirkpatrick et al. (2014) and Luhman (2014a) WISE motion Surveys Figure 8 shows a comparison of the total proper motions and W2 magnitudes for all of the discoveries from this survey along with those from the WISE surveys of Kirkpatrick et al. (2014) and Luhman (2014a) . While the AllWISE survey of Kirkpatrick et al. (2014) reported the largest number of new discoveries, they are by and large brighter and moving slower than those in the Luhman (2014a) and NEOWISE surveys. As seen in the left Lee (1984) ; (2) panel of the figure, the majority of the discoveries from this survey have total proper motions between 250 and 400 mas yr −1 , a similar result to the Luhman (2014a) survey, while the majority of the discoveries from the Kirkpatrick et al. (2014) AllWISE motion survey have total motions less than ∼250 mas yr −1 , beyond the limit of our NEOWISE survey (see Section 2).
As seen in the right panel of the figure, our NEOWISE motion survey has found significantly more objects at fainter magnitudes than the WISE surveys of Kirkpatrick et al. (2014) and Luhman (2014a) . Figure 9 shows the same NEOWISE histogram from the right panel of Figure 8 broken up by estimated spectral type. As seen in the figure, almost every one of our new L and T dwarf candidates is contained within the fainter W2 magnitude bins. Of the 187 NEOWISE discoveries with estimated spectral types later than L0, 170 (∼91%) have W2 magnitudes greater than 13.
The enhanced sensitivity of our survey to fainter high proper motion objects compared to the previous WISE motion surveys has allowed us to identify sev- eral new brown dwarfs with estimated spectral types around and later than the L/T transition. Figure  10 shows a close-up view of the region of J−K S vs. J−W2 color space occupied by L and T dwarfs. In addition to the new discoveries from this survey, we also show the discoveries from the Luhman (2014a) and Kirkpatrick et al. (2014) surveys. The figure shows that all of the surveys have identified several objects in the early to mid-L spectral type range, however only our NEOWISE survey identified new objects extending down into the mid-T dwarf color range. Note that objects without 2MASS counterparts are not included in this figure. Only one confirmed high proper motion object without a 2MASS counterpart was identified in the Luhman (2014a) and Kirkpatrick et al. (2014) Figure 7 . Reduced proper motion diagram in J for discoveries from this survey. Color coding is the same as in Figure 6 . The solid line denotes our subdwarf candidate selection criteria.
surveys (WISE J085510.83−071442.5). There are two such objects in our discovery list (see Sections 3.1 and 3.4). All objects with estimated spectral types later than L7 are listed in Table 10 . We chose L7 to create this list because of the tendency of our classification program to mis-type early T-dwarfs as mid-Ls. All 39 objects with estimated spectral types later than . The distribution of discoveries from the NEOWISE proper motion survey, the AllWISE motion survey , and the WISE motion survey of Luhman (2014a) in both total proper motion and W2 magnitude. Number of Objects >T0 >L5 and <T0 >L2.5 and <L5 >L0 and <L2.5 >M7.5 and <L0 >M5 and <M7.5 <M5 Figure 9 . The distribution of discoveries from our NEOWISE proper motion survey in W2 magnitude. Colors correspond to photometrically estimated spectral types (see Section 3.3).
Section 5.2. Spectral types for all of these objects are determined to be later than L7, with the exception of WISEA J003338.45+282732.4, a blue L3. We can also place constraints on the existence of additional extremely cold, nearby WISE J085510.83−071442.5-type objects. WISE J085510.83−071442.5 has a W2 magnitude of 14.02 ± 0.05 at a distance of 2.02 pc (Luhman & Esplin 2014 ). Using our W2 survey limit 14.5, we can rule out the existence of additional J085510.83−071442.5-type objects with total proper motions between 0.25 and 15 yr −1 out to ∼2.9 pc. Using the absolute magnitude−spectral type relations from Dupuy & Liu (2012) and our W2 survey limit, we can also rule out the existence of additional Y0 and Y1 type dwarfs with proper motions between 0. 25 yr −1 and 15 yr −1 out to distances of ∼11.5 pc and ∼9.5 pc, respectively. A substantial increase in survey depth will be needed to place further constraints on the existence of such late-type objects in the Solar neighborhood.
FOLLOW-UP OBSERVATIONS
IRTF/SpeX
Low resolution (λ/∆λ = 75 − 120) spectra were acquired for several sources with the upgraded SpeX spectrograph at the 3 m NASA Infrared Telescope Facility (IRTF) on Mauna Kea. All observations were conducted using the prism mode. A series of exposures was taken using an ABBA nod pattern along the 15 long slit for each object. A0V stars were observed at a similar airmasses for telluric correction purposes. Data for all objects were reduced using the SpeXtool reduction package (Cushing et al. 2004; Vacca et al. 2003) . A summary of all IRTF/SpeX observations is given in Table 11 .
Palomar/DoubleSpec
Three targets were observed with the Double Spectrograph on the Hale 5m telescope on the night of UT 07 September 2015. For the blue side of the spectrograph, we employed a 600 lines mm −1 grating blazed at 4000Å
for a total range of spectral coverage from 4015−7085 A. For the red side of the spectrograph, we used a 600 lines mm −1 grating blazed at 10,000Å for a total range of spectral coverage from 6545−9910Å. The overlapping regions were used to create one continuous spectrum across the entire range. The flux standard used was Wolf 1346, which was bootstrapped to the flux calibration of Hamuy et al. (1994) using the standard Hiltner 600, both of which had been observed in an earlier run with the same setup on UT 27 Sep 2014. Data were reduced using standard reduction procedures.
ANALYSIS
Spectral Classification
We determine spectral types for all near-infrared spectra following the method outlined in the Appendix of Schneider et al. (2014) . Comparisons of each acquired spectrum with its best matching near-infrared spectral standard from the Spex Prism Spectral Library (Burgasser 2014) 7 are shown in Figure 11 . Spectral types are provided in Table 11 . We also include the spectral type estimates from Table 1 for comparison. It should come as no surprise that the estimated spectral types differ significantly from the actual spectral types for these objects because many are poor matches to the spectral standards and occupy unique regions of color space (see Figures 5, 6 , 10, and 11 and Section 4.4). The three L dwarfs that match well at all near-infrared wavelengths with their corresponding spectral standard (WISEA J122221.95−213948.6 , WISEA J000627.85+185728.8, and WISEA J010202.11+035541.4) all have photometric spectral type estimates within ∼1.5 subtypes of their actual type. While the two new T0 dwarfs (WISEA J001643.97+230426.5 and WISE J120035.40−283657.5) are good matches to the T0 standard, their estimated types are several subtypes earlier (18.9 and 16.7, respectively). This is not unexpected, as early T dwarfs typically have photometric spectral type estimates earlier than their actual type using our classification method (see Appendix A). We estimate the distance to each observed object using the spectral types determined from the comparison with spectral standards, W2 magnitudes, and the absolute magnitude−spectral type relations from Dupuy & Liu (2012) and provide distance ranges in Table 11 using a ±0.5 subtype uncertainty and photometric uncertainties.
All optical spectra were classified based on the classification system of Kirkpatrick et al. (1991) for normal M dwarfs or the subdwarf classification scheme of . (Table 7) and late-type (Table 10 ). Both objects have photometric type estimates similar to their actual spectral types (see Table 9 ), and therefore have similar spectral type distance estimates. Both of these brown dwarfs are estimated to be within ∼30 pc. Kirkpatrick et al. (2014) , and this survey. Discoveries from this survey with estimated spectral types later than L7 are highlighted in black. All three of these objects were chosen for follow-up because they have colors indicative of being late M-type subdwarfs (see Figure 6 and Table 8 ). WISEA J011639.05−165420.5 was also chosen as a subdwarf candidate from its placement on the reduced proper motion diagram in Figure 7 . While each of these three objects match reasonably well to either the M7 or M8 near-infrared spectral standard in the J band, they are all poor matches at H and K because they are much bluer than the standards. This is a characteristic typical of late-type subdwarfs. In Figure 12 we show the near-infrared spectra of these three objects compared with subdwarf spectra from the Spex Prism Spectral Library (Burgasser 2014) . As seen in the figure, WISEA J114553.61−250657.1 closely resembles 2MASS J18355309−3217129, which is classified as d/sdM7 in Kirkpatrick et al. (2010) . The figure also shows that both WISEA J011639.05−165420.5 and WISEA J013012.66−104732.4 are similar to LSR 1826+3014, classified as d/sdM8.5 in Burgasser et al. (2004) . While the relations from Dupuy & Liu (2012) are designed for normal objects, not subdwarfs, we still use the relations these three objects only as a preliminary distance estimates. Given their new spectral classifications, we estimate distance ranges for WISEA J011639.05−165420.5, WISEA J013012.66−104732.4, and WISEA J114553.61−250657.1 of 78−92, 78−92, and 107−128 pc, respectively. Using these distance estimates, along with their proper motions, we consider whether any of these objects are part of the thick disk/halo population based on their tangential velocities (V tan ). We find V tan ranges of 213−252, 130−155, and 129−156 km s −1 , which do indeed point towards membership in the thick disk/halo population, as Faherty et al. (2009) (Table 7) and as a potential T dwarf (Table 10 ). All three of these objects match well to early L spectral standards at J, but are much bluer overall. Surface gravity and/or low metallicity are thought to account for the blue color of blue L dwarfs, which is supported by their kinematics (Faherty et al. 2009 ). We classify each of these three objects as early type blue L dwarfs. We calculate V tan ranges of 59−69, 78−92, and 84−97 km s −1 for WISEA J003338.45+282732.4, WISEA J144033.28−080406.9, and WISEA J170726.69+545109.3, respectively, using their photometric distance estimates. These values are higher than the median tangential velocities for L dwarfs of ∼30 km s −1 found in previous studies (Schmidt et al. 2010 , Faherty et al. 2012 ). Optical spectroscopy would be able to determine if the blue nature of these L dwarfs is due to low-metallicity. Both of these objects are slightly bluer than the L8 spectral standard. We classify each as L8 (sl. blue).
WISEA J172120.69+464025.9: WISEA J172120.69+464025.9 was selected as a potential late-type brown dwarf (Table 10 ). This object does not match well with any of the spectral standards, but generally displays the overall shape of a T0. We classify this object as T0: (pec). We investigated spectral binarity as a possible explanation for this object's unusual spectrum (e.g., Burgasser 2007a , Bardalez Gagliuffi et al. 2014 ), but could not find a satisfactory fit. WISEA J223343.53−133140.9 and WISEA J230329.45+315022.7: WISEA J223343.53−133140.9 and WISEA J230329.45+315022.7 were both selected as potential late-type brown dwarfs (Table 10 ). Both of these objects are excellent matches to the T2 spectral standard at J, however both are significantly bluer than the standards. We therefore classify them at T2 (blue).
WISEA J172602.92−034211.7: This object was chosen for follow-up spectroscopy because it stood out prominently in color space, with J − K S and J − W 2 values of 1.13 and 1.17 mag, respectively (see Figure 6 ). Optical spectroscopy revealed this object to be a metalpoor early M-type star ( Figure 13 ). Comparison with the sdM standards of show good agreement with the sdM1 and sdM2 standards. We therefore classify WISEA J172602.92−034211.7 as an sdM1.5. WISEA J221126.37−192207.4 and WISEA J232656.09−181504.5:
These objects are colorselected subdwarf candidates (see Table 8 ). WISEA J232656.09−181504.5 may be slightly metal-poor, but is overall a good match to the normal M5 standard ( Figure  13 ) and therefore classified as M5. Figure 13 also shows that WISEA J221126.37−192207.4 matches fairly well with the M5 standard. However, this object's spectrum does show slightly enhanced CaH absorption around 7000Å, which is typical of M subdwarfs ). We also show in Figure 13 a comparison with the sdM6 standard, which matches fairly well. We measure a ζ TiO/CaH metallicity index of 0.865, slightly above the cutoff value between normal dwarfs and subdwarfs of 0.825 given in . We conservatively give WISEA J221126.37−192207.4 a spectral type of M5/sdM6.
CONCLUSION
We have conducted a survey for high proper motion objects using the first sky pass of NEOWISE and the AllWISE catalog, identifying over twenty thousand high proper motion objects, over one thousand of which are new discoveries. Through an analysis of 2MASS and AllWISE colors and estimated spectral types, we have picked out a number of appealing candidates identified as being nearby objects, subdwarfs, or late-type brown dwarfs, several of which have been confirmed with nearinfrared or optical spectroscopy. The success of this survey, and the previous motion surveys of Luhman (2014a) and Kirkpatrick et al. (2014) , demonstrates the effectiveness of using data from the WISE telescope to identify previously overlooked objects of scientific interest. The foremost limiting factor for these surveys has been the depth at which objects with large motions can be read- Figure 13 . Palomar/DoubleSpec optical spectra (black) compared to dwarf and subdwarf spectral standards (red). All spectra are normalized at 7500Å. The spectral standards are: LSPM J0938+2200 (sdM1; ), LSPM J1014+4354 (sdM2; ), GJ 1057 (M5; Kirkpatrick et al. 1997) , and LSPM J1227+2512 (sdM7; . Note that the subdwarf standards from are corrected for telluric absorption and our Palomar DoubleSpec spectra are not.
APPENDIX
PHOTOMETRIC SPECTRAL TYPE ESTIMATES
In order to prioritize the most interesting objects from our list of new discoveries for follow-up observations, we endeavored to find a way to accurately estimate approximate spectral types for each object using solely 2MASS and AllWISE photometry. While previous studies have attempted photometric typing, mainly using color-spectral type polynomial relations (e.g., Sheppard 2014 and Skrzypek et al. 2015) , machine learning algorithms are an alternative tool to use to accomplish this type of classification. For this work, we utilized k-Nearest Neighbors (k-NN) algorithm using code available from the scikit-learn project (Pedregosa et al. 2012) . The k-NN algorithm classifies by identifying the closest training data points within the space being examined. For a test sample, the Euclidean distance is calculated for each member of the comparison data set. The k value determines how many training data points are selected. The test sample is then classified into the training set that is most common amongst its k nearest neighbors. This requires a well defined training set of known objects with known spectral types. We used an updated list of M, L, and T dwarfs from DwarfArchives.org with near-infrared spectral types (C. Gelino, priv. comm.). For each object from the DwarfArchives list, we found its corresponding 2MASS and AllWISE catalog entries, retaining only those objects that had both. In order to ensure that the estimated spectral classifications are not biased towards spectral classes for which there is a larger population of objects, we limit the training set to have a maximum of 10 objects per half spectral type bin. Objects included in the training set were preferentially chosen to have the smallest photometric uncertainties.
We evaluate the accuracy of photometrically classifying objects using the k-NN algorithm using two different test sets. For the first, we randomly selected 10% of objects from the training set. For the second, we use the entire list of M, L, and T dwarfs from the DwarfArchives list. We then evaluate for each object in each test sample the probability of belonging to every spectral class for every possible color-color combination using 2MASS J, H, and K S and AllWISE W1 and W2 magnitudes (45 total). A final spectral type estimate for each object in the test sample is determined by summing the product of the probabilities for each spectral type and the numbered index for that spectral type (e.g., M5 = 5, L5 = 15, T5 = 25). We repeat the procedure for the first test set 1000 times, and test the accuracy by using two different metrics; the RMS and the median of the absolute differences (MAD), which we use in an attempt to account for outliers, defined as:
where SpT actual is the near-infrared spectral type from DwarfArchives, and SpT estimated is the spectral type determined by the algorithm. A comparison of the estimated spectral types versus the actual spectral types for one run of the 10% sample is shown in the top left panel of Figure 14 . The average and standard deviation of RMS and MAD values for the entire simulation of 10% test samples are 1.14 ± 0.15 and 0.67 ± 0.10 subtypes, respectively. However, the RMS and MAD values are spectral-type dependent, as shown in the right panel of Figure 14 . Almost all objects have estimated spectral types within 1.5 subtypes of their actual type. Early T dwarfs (T2s and T3s) are consistently classified as several subtypes earlier than their actual type. We suspect this is because mid-L dwarfs and early T dwarfs share similar near-and mid-infrared colors (Kirkpatrick et al. 2011) . For the entire list of M, L, and T dwarfs from DwarfArchives, we find slightly larger RMS and MAD values of 1.75 and 0.87, respectively. A comparison of the estimated spectral types versus the actual spectral types for this entire sample is shown in the bottom left panel of Figure 14 . We see large RMS values for very early L dwarfs, approaching values as high as ∼3 subtypes for L0. This is clearly due to an excess outliers, as the MAD values are not so extreme. These outliers may be actual photometric outliers, or potentially mistyped L dwarfs. We see the same peak around T3 as seen in the 10% sample, most likely for the same reasons. For the vast majority of objects in the entire DwarfArchive near-infrared spectral type catalog, spectral types are accurate to within ±2 subtypes. To compare our results with those that use polynomial relations, we evaluate our classifications using the same robust estimator as that used in Skrzypek et al. (2015) , namely
For the entire DwarfArchive list, we find σ M = 1.2, σ L = 1.8, and σ T = 1.4. These values are similar to those found for the polynomial relations in Skrzypek et al. (2015) of σ L = 1.5 and σ T = 1.2. Note however that our method uses only JHKW1W2 photometry, while the method in Skrzypek et al. (2015) uses izYJHKW1W2, when available.
